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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material having high energy density at a high 
working voltage, a long cycle life, and no reduction in discharge capacity at a high temperature by dissolving Mg, 
Zn and Cr, Co, Fe, Ni or the like to a lithium manganese compound oxide, and baking the mixture in an oxidizing 
gas. 

SOLUTION: As a starting material, an oxide, hydroxide, carbonate, nitrate, or organic acid salt of a metal 
element constituting the general formula: LixM1yM2zMn2-y-z04 is used. In the formula, M2 represents one or 
more elements selected from Cr, Co, Ni, and Fe, M1 represents an element other than M2 except for Mn, such 
as Mg, Zn or the like which is capable of forming a divalent metal ion, (x), (y), and (z) where 0<x<1.5, 0<y<0.5, 0< 
z<0.5, wherein y and z are not 0 at the same time. This starting material is baked at about 600-1000° C in an 
oxidizing gas having an oxygen concentration of 50% or more for about 10-50 hours. Thus, the elements 
represented by M1 and M2, Mn and oxygen are firmly bonded to prevent Mn from being dissolved into an 
electrolyte, even if a voltage is applied at a high temperature. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiners decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 .ipdljpo.go.jp/PA1 /result/detail/main/wAAAal 4320DA41 1 073960P1 .htm 



03/06/18 



(19)B*HMMW (JP) (12) & fffi ^ |f £: ^ (A) (lDWWMH&H** 

ftfHPR 1-73960 

(43)&BiB ¥J*H* (1999) 3 3168 



(51)Int.Cl. 8 






F I 




HO 1 M 


4/58 




HO 1M 


4/58 




4/02 






4/02 C 




10/40 




10/40 Z 










Sf*^*3 OL (4 3 1) 


(21)£BS#^ 




»K¥9 - 234906 


(71)ffllBA 


000000044 












(22)ffi^B 




¥fi£9*F(1997) 8 £290 












(72)aMI# 


SIS 










w^;n^«^rfj#^jf[K^iRwrii5o#^ 


















(72)5HB* 












#^;HlR«^rff»^il|K^iR0ril5O#^ 


















<72)»9» 












»^fiiR«sm»5S)r[E:^iRBni5o#ifi 


















<74)fSSA 


a«± Mtt on© 



(54) GfB910>«ffi] #*m»S^«^jEffiS*HR^**««®-^«» 



(57) 

(M l teM 1 n El?^7c*r 2 I^R t > 

4 & 0 9 45c*. M* ttCr, Co, NiX«Fe. 0 
<xSl. 5, O^y^O. 5. O^z^O. 5„ y = 



(2) 

1 

limmi ] -fl&SL i„ M 1 v M 2 l Mn I . v . r 0< r« 
S ft 4&{b ! » (tctcL. M 2 ttCr, Co, NiSO'F 

H?*oM n «JW>7C*r 2 EfcfeJI * > £ ft 0«1 
«K±O7C*"C*0, 0<xSl. 5, O^y^O. 
5, O^z^O. 5t*l y±zttHB**COrtttt 

JfiffliEffif§«« g io 

r&4it*3i i ^mo^mmmm^x j mmmjEmmi 

Mo 

ffis««**-r a c & & -r s#*«w»^ai 

(0 0 0 1 ] 

imHomTzmmam #**)bk^« 20 

[0 0 0 2 ] 

feftrt,>4„ ifi^c©«»©jE*iSft»iorxfcr*^ 
*»/*$Av>:tf>tB£iMfctt (LiMn, O, > 

4o 

[0 0 0 3 ] ±e©m»**»*TSfc»fC\ Mn(D- 
8|S*Fe, Co, Cr, N i «<Z>5ESRr«ft-r 4 C i T 

^Klt^, JK««c*JC»T« % «EEHMinK»«:fT'5 4 
LiMn 2 0 4 jE«S*K*ffl(rifc*&iBHi«:. Mn 

[0 004] 

4C<h£glfi£T4o 

[0 00 5] 

[HK*JBfcT4fc#(Z>#e] — «5£L i . 50 



«HT 11-73960 

2 

M l T M , 1 Mn,_ v _, O, r«S*lilMfcft (/c/c*U, M 
2 ttCr % Co, N iRtfFejfcfcfcSBW^atffti 

2ffi*K^*>ittO 54 1««±©7C«"C*0 % 0< 
xSl. 5, O^y^O. 5, O^z^O. 5"C*0 % 

5 o M«±«Ml^**r»«3tirtt4 c i*«a 
i r &jtoWKK=LxrnmjEmttn*m#t 4 a 

[0 00 6] *#HBr. HKSCL i„ M\M a .Mn 

0 4 (Cfct^M 1 rasn47n*«M' fei^o 
M n feW ©tHR-C 2 ffi<D£JB -f * > t ft 0 5 47C*T * 
0, mSMg, Zn*Wff*m. 'J^^A7>^'> 
a^igffc^CCM 1 T?«Sti47C«aM»r*CiK:J: 
^«*-r^^©«OiSOK:j:43tt«S«©ffiT^ 

[0 0 0 7 ] M 1 r«sh«jc«<Da*«*«-ry©« 

teO^y^O. 5"C*5#. 0. 5 ^rltSx.4 i L i M n 

«CfiTT4. <fc'0$?£U<520. Ol^y^O. 3r* 
4„ 

[0 0 0 8 ] SEfc. M 2 r«Sn45cSR»C r, Co, 
F e SO'N i *»e>tt4»3fe6»«*l4 lit(±r$>^ 
M 2 r»Sh45ESfcWy^-JA^>*f>a^«ft4ll 

it"e#4. m 2 rasft4^©$w«*ai^z<Dffira 

O^z^O. 5r*4#, 0. 5*«A4£tfc«8«#i 
flW5«CfiT"r4. <t»)H*O<tt0. l^z^O. 3r 
*-4. 

[0 0 0 9 ] *»?8<OiEffiffi«5«*»S-r 4fC*/cO , 
MSilt^-MLi, M\M 2 I Mn J . y . £ 

*»f£*4^^<DfKt«i. *HfHH mm&. mm 

[0010] *«W©iEffi««W», «*«!S#5 0% 
^O»{fctt«**-C«feJE0rfS6n4. BBR«*«7 

lr>. 5 0 %&LbVj&ftt 4 ii«ai"CfllEEH«ID*Ur 6tt 

0. -MKLi, M\M , ,Mn 1 .,., O, CCfcWiM 1 

K ft 9 . *«"C«EBWin UttMn *««IB««:*JB-r 4 X 
C <h *WiWC* 4A-»<b*x.6n4. 
[OOlllit MSg<bUr{i6 0 0- l 00 0 
•CM?* L< , W«C7 00-9 0 O'Cif^Ci^ 

U(r>. 6 o o*c*i)ir*4 4is»fiSa*«^»r*o. 

^ft««a^/J^ < ft 4. 1 0 0 0 "C^iSx. 4 4 . M H B B 

[0012] ftfiKSPas* 10-50 B*IH*«jff * O < , # 
tcl 5^4 5«m4T«C4aWJff*i;ir». 1 0e#H*?S 



3 

[ooi3] &im<Dfy-it&mztcsb, mmrj: 

c>. for, »7Si»l*tKiW^ 

[0014] 

[*J6«] «Tfc«M* (« 1-4) RCttkKW <0» 10 
5,6) Cc<tO^W**««i«:8il8-ri3&«. ##HBtt 

[0015] [flll] Li, CO, , MnC0 3 . F e 
, 0 3 Sa f Zn0^^rJUtt"C2 0:6 0:5 0: 1 <bft 
4J:5KsK-JU5JUr«^U KJS7 0%MSI3 0%O 
#Bfi*~C 8 0 0 'Cr 2 ^BMKfSflL 0 ttj b/c 0 c <D 
«BdEW*»»Lfc«. ?Kfl5It;#H»r8 0 0'C"C2 0 

»ia*«u *<D»2 4B$Bn*wT^s*r»^u ss 

fcSS* L u.jrFeo.uZiij.uMni., 0 4 X£>-o 20 
[0016] C©»IMJ|8 5m&%ttcmmtf±i,xtrv 
fcf- »; r >*M8 5 fi*S*ftl;L % N - ^ en «J K > 
(DT;U5^^AgCCi^— «C^^r^JS*^L. 18 

0 - crtt« ?to^p-77*u x«*cr&K(OJS $ tfi 

1 0 0 umlCKZtVSML, Wi2 0mmX2 0m 

[0 0 1 7 ] X^THSO. 6mm©iI'Jf^AM 30 

2 5mmx 2 5 mm<D*$ S*C#!»rU HKRCC- v**'!' 

£®igSU 6 0 s CcDT^3>^ffi^cfirmiEEn»D^il^ 
ff->fc. WKiStO-Ctt, L i PF ( *lmol/l© 

Wtfcri : 1) «C»»U/cffiSR«rfl3C»fc a 40 
[0018] KBEHlttlSWO^tti Itit JMSEtt 



«fH¥1 1 -7 3 9 6 0 
4 

4. 3Vir, ]ft»KEE« 3 . 0V^t'£iiStlmA 

SL/Co fftf, 4. 3V*C3fc«l,. ^<D££^fE4. 3 
Vtaiiri ^EPftlOttCtte. ^<Df£, 3. 0V£ 

[0019] [«2 ] jE«fl?»K<7)««»Ha*M*7 
0%^3 0%<tT£#>:b9fc:^JPU 0 0%tLtcW\- 

ami tmmicLxtmzrpmu. mitmmdcuxm 

[0 0 2 0 ] [«3] iESf£«JKcDffl«*L F e 
Zn,., Mn 1>7 O, tLttimOMl tffiffiCL 

[0 0 2 1 ] [«4 ] iEffirSBJ«©fifi£* L i 1>0 Co 

ri*»*fHHu mi tmm^cux9ssmv»itf^ 
xtkK&moymnm&m^tct c 5, 9 4%r*o/c. 

[0 0 2 2 ] [«5 ] jES^«©«JSR»H»*BBR7 
0%M^3 0%if 5^t>0fc2Si L WKWJ 1 £ 

o tc a 

[0 0 2 3 ] [-W8] iESfi?»KO«JSS*L ix.. Mn 

[0 0 2 4] ttEEMnKSHXfK&T&. 0V 5 <D 

«EE|fflP*KiE®£i»«*>6»Jl! OfcMn -T *>a*ft« 
U3 L 9A±«:#TltiLfc4>©<fc#jLe>:hS. &fcMl~4 
Ttt M n ©iiS^tt ti t ^ iV> 6 ftfc tc. 
[0025] 



Page 1 of 1 

JESa| [JP.l 1-073960,A] ^ 

CLAIMS DETAILED DESCRIPTION TECHNICAL FIELD PRIOR ART EFFECT OF THE INVENTION 
TECHNICAL PROBLEM MEANS EXAMPLE 

[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/23/2003 



* NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula Lix MlyM2zMn2-y-z 04 The oxide expressed however, one or more sorts of elements 
chosen from the group which M2 becomes from Cr, Co, nickel, and Fe — Ml M2 It is one or more sorts of elements 
which may serve as a divalent metallic ion by elements other than Mn except and, and it is 0< x<=1.5, 0<=y<=0.5, 
and 0<=z<=0.5, and y and z are not 0 simultaneously, it is — and the positive active material for nonaqueous 
electrolyte rechargeable batteries to which an oxygen density is calcinated in 50% or more of oxidizing quality gas, 
and is characterized by the bird clapper 

[Claim 2] It sets to the aforementioned general formula and is Ml. Positive active material for nonaqueous 
electrolyte rechargeable batteries according to claim 1 which is Zn or Mg. 

[Claim 3] The nonaqueous electrolyte rechargeable battery characterized by having occlusion and the matter which 
can be emitted for a lithium or a lithium as a negative-electrode active material, and having a positive active 
material according to claim 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the positive active material of a 

nonaqueous electrolyte rechargeable battery. 

[0002] 

[Description of the Prior Art] The nonaqueous electrolyte rechargeable battery which uses a lithium or a lithium 
occlusion and uses as a negative electrode the compound which can be emitted is expected as what has a high 
energy density, and many researches are done. The spinel system lithium manganese multiple oxide (LiMn 204) is 
examined as a positive active material of this cell in recent years. However, when this positive active material was 
used, the cycle property was inadequate and charge and discharge were repeated, there was a problem to which 
service capacity falls notably. When Li ion moves within a crystal in connection with charge and discharge as this 
cause, the crystal structure deforms or it thinks for partial destruction to take place. 

[0003] In order to solve the above-mentioned trouble, the method of stabilizing a crystal lattice in replacing a part 
of Mn by elements, such as Fe, Co, Cr, and nickel, is proposed. However, even if it produces a cell using the 
positive active material created by such method, when a voltage impression examination is performed in an 
elevated temperature, it is LiMn 204. Like the case where a positive active material is used, Mn dissolves in the 
electrolytic solution electrochemically, there is a problem to which service capacity falls sharply, and it has not 
resulted in utilization. 
[0004] 

[Problem(s) to be Solved by the Invention] Even if this invention solves such a problem of the conventional 
technology, its energy density is high at high operating potential, and its cycle life is long and it carries out voltage 
impression at an elevated temperature, it aims at offering the nonaqueous electrolyte rechargeable battery which has 
the positive active material and this positive active material for obtaining a nonaqueous electrolyte rechargeable 
battery without the fall of service capacity. 
[0005] 

[Means for Solving the Problem] this invention is general formula Lix MlyM2zMn2-y-z 04. The oxide expressed 
however, one or more sorts of elements chosen from the group which M2 becomes from Cr, Co, nickel, and Fe — 
Ml — M2 It is one or more sorts of elements which may serve as a divalent metallic ion by elements other than Mn 
except and, and it is 0< x<=1.5, 0<=y<=0.5, and 0<=z<=0.5, and y and z are not 0 simultaneously, it is — and the 
positive active material for nonaqueous electrolyte rechargeable batteries to which an oxygen density is calcinated 
in 50% or more of oxidizing quality gas, and is characterized by the bird clapper is offered 

[0006] At this invention, it is general formula Lix MlyM2zMn2-y-z 04. It sets and is Ml. The element expressed is 
M2. It is the element which may serve as a metal ion divalent by elements other than Mn except and, for example, 
Mg, Zn, etc. are desirable. It is Ml to a lithium manganese multiple oxide. When the element expressed dissolves, 
the fall of the service capacity by the repeat of a charge-and-discharge cycle decreases extremely, and a cycle 
property improves. 

[0007] Ml The value of y showing the content of an element expressed is LiMn 204, when 0.5 is exceeded, 
although it is 0<=y<=0.5. It becomes impossible to maintain Spinel structure and service capacity falls extremely. It 
is 0.01<=y<=0.3 more preferably. 

[0008] Moreover, M2 The element expressed is M2 although it is one or more sorts chosen from the group which 
consists of Cr, Co, Fe, and nickel. When the element expressed dissolves to a lithium manganese multiple oxide, the 
integrated state of Mn is stable and the dissolution to the electrolytic solution of Mn at the time of the voltage 
impression in an elevated temperature can be prevented effectively. M2 Although the value of z showing the 
content of an element expressed is 0<=z<=0.5, if 0.5 is exceeded, service capacity will fall extremely. It is 
0.1<=z<=0.3 more preferably. 

[0009] It is in charge of manufacturing the positive active material of this invention, and is general formula Lix 
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MlyM2zMn2-y-z 04 as a starting material. The oxide of the metallic element to constitute, a hydroxide, a 
carbonate, a nitrate, organic acid chloride, etc. can be used. 

[0010] An oxygen density calcinates the positive active material of this invention in 50% or more of oxidizing 
quality gas, and it is obtained. 70% or more of an oxygen density is more desirable, and is still more desirable. 
[ 90% or more of] If it calcinates at 50% or more, even if it will carry out voltage impression at an elevated 
temperature, there are very few falls of service capacity. This reason is general formula Lix MlyM2zMn2-y-z 04, 
when an oxygen density calcinates in a high atmosphere, although it is not clear. Ml which can be set And M2 
Even if combination with an element, and Mn and oxygen which are expressed becomes firm and carries out 
voltage impression at an elevated temperature, it thinks because it can suppress that Mn dissolves in the electrolytic 
solution. 

[001 1] Moreover, as a burning temperature, 600-1000 degrees C is desirable, and it is desirable to consider as VOO- 
DOO degrees C especially. A crystal growth is inadequate in it being less than 600 degrees C, and charge-and- 
discharge capacity becomes small. If it exceeds 1000 degrees C, a crystal will grow too much and a cycle property 
will deteriorate. 

[0012] 10-50 hours of a firing time are desirable, and it is desirable to consider as 15 - 45 hours especially. A 
crystal growth is inadequate in it being less than 10 hours, and charge-and-discharge capacity becomes small. If it 
exceeds 50 hours, a crystal will grow too much a little, and there is an inclination for a cycle property to deteriorate. 

[0013] Moreover, in order to attain equalization at the time of composition, it is desirable to adopt the process 
which once takes out from a firing furnace after suitable firing-time progress, carries out pulverization mixture of 
the baking object, and is calcinated again. And cooling slowly suitably after a baking end is desirable. 
[0014] 

[Example] Although an example (Examples 1-4) and the example of comparison (Examples 5 and 6) explain this 
invention concretely below, this invention is not limited to these. 

[0015] [Example 1] Li2 C03, MnC03, and Fe 203 And ZnO was mixed with the ball mill so that it might be set to 
20:60:50: 1 by the mole ratio, and it took out after 2-hour baking at 800 degrees C in 70% atmosphere of 30% of 
nitrogen of oxygen. After grinding this baking object, in the again same atmosphere, it calcinated for 20 hours, and 
****(ed) to the room temperature over 24 hours after that by 800 degrees C, and the mortar ground the baking 
object, the result which analyzed this by the element extinction method — Li0.97Fe0.25Zn0.25Mn 1.504 it was . 
[0016] Added KETCHIEN black as electric conduction material, added the polyvinylidene-fluoride resin 5 weight 
section to this pulverization object 85 weight section as 10 weight sections and a binder, and it was made to 
dissolve in N-methyl pyrrolidone, and considered as the slurry. This slurry was uniformly applied to the aluminum 
foil with a thickness of 30 micrometers, and the paint film was formed, it rolled out after making it dry at 1 80 
degrees C until the thickness of a paint film was set to 1 00 micrometers with the roller-press machine, and it cut in 
the after that 20mmx20mm size, and considered as the positive electrode. 

[0017] Subsequently, the metal lithium foil with a thickness of 0.6mm was cut in the 25mmx25mm size, what stuck 
the nickel lead to the edge by pressure was created, and it considered as the negative electrode. The negative 
electrode and the positive electrode were made to counter so that each application side may face each other, the 
charge-and-discharge power supply was connected to the negative-electrode terminal 4 and the positive-electrode 
terminal 5 in the container with which the micro porous film with a thickness of 25 micrometers made from 
polypropylene is made to intervene as separator in between, and sufficient electrolytic solution exists in it, and the 
voltage impression examination was performed in 60-degree C argon atmosphere. As the electrolytic solution, it is 
LiPF6. The solution which dissolved in the mixed solvent (it is 1:1 at a volume ratio) of an ethylene carbonate and a 
propylene carbonate by the concentration of 1 mol/1. was used. 

[0018] For charge voltage, as conditions for a voltage impression examination, discharge voltage is 1 mA/cm2 at a 
constant current to 3.0V to 4.3V. Charge and discharge were performed with current density, and early service 
capacity was measured. Again, 4.3V are charged and it continued impressing for one month continuously by 
voltage 4.3V as it is. Then, it was 95%, when it discharged to 3.0V, service capacity was measured and the 
maintenance factor of the service capacity to initial value was investigated. 

[0019] [Example 2] Instead of using the firing environments of a positive active material as 30% of 70% nitrogen of 
oxygen, except having considered as 1 00% of oxygen, when the sample was produced like Example 1 , the voltage 
impression examination was performed like Example 1 and the maintenance factor of service capacity was 
investigated, it was 98%. 

[0020] [Example 3] composition of a positive active material — Li 1.0 Fe0.2 ZnO.l Mn 1.704 ** — except having 
carried out, when the sample was produced like Example 1, the voltage impression examination was performed like 
Example 1 and the maintenance factor of service capacity was investigated, it was 94% 

[0021] [Example 4] composition of a positive active material — Lil.O Co0.2 ZnO.l Mn 1.704 ** — except having 
carried out, when the sample was produced like Example 1, the voltage impression examination was performed like 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 



Page 3 of 3 



Example 1 and the maintenance factor of service capacity was investigated, it was 94% 

[0022] [Example 5] Instead of using the firing environments of a positive active material as 30% of 70% nitrogen of 
oxygen, except having considered as air, when the sample was produced like Example 1 , the voltage impression 
examination was performed like Example 1 and the maintenance factor of service capacity was investigated, it was 
50%. 

[0023] [Example 6] composition of a positive active material ~ Lil.O Mn 2.0O4 ** — except having carried out, 
when the sample was produced like Example 1 , the voltage impression examination was performed like Example 1 
and the maintenance factor of service capacity was investigated, it was 3% 

[0024] The black sediment on the negative-electrode lithium of the cell of Example 5 and Example 6 was seen after 
the voltage impression test test end, and it was remarkable especially when it was Example 6. As a result of 
investigating this sediment by X-ray fluorescence, it became clear that it is Mn compound. This is considered that 
Mn ion which dissolved from the positive active material during voltage impression deposited on the negative- 
electrode lithium. In addition, most sediments of Mn were not seen in Examples 1-4. 
[0025] 

[Effect of the Invention] Since the nonaqueous electrolyte rechargeable battery which has the positive active 
material of this invention can prevent the dissolution to the electrolytic solution of the positive active material by 
hot voltage impression, capacity is maintained and it is very reliable, so that clearly from the result of the above- 
mentioned example and the example of comparison. 

[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] The nonaqueous electrolyte rechargeable battery which uses a lithium or a lithium 
occlusion and uses as a negative electrode the compound which can be emitted is expected as what has a high 
energy density, and many researches are done. The spinel system lithium manganese multiple oxide (LiMn 204) is 
examined as a positive active material of this cell in recent years. However, when this positive active material was 
used, the cycle property was inadequate and charge and discharge were repeated, there was a problem to which 
service capacity falls notably. When Li ion moves within a crystal in connection with charge and discharge as this 
cause, the crystal structure deforms or it thinks for partial destruction to take place. 

[0003] In order to solve the above-mentioned trouble, the method of stabilizing a crystal lattice in replacing a part 
of Mn by elements, such as Fe, Co, Cr, and nickel, is proposed. However, even if it produces a cell using the 
positive active material created by such method, when a voltage impression examination is performed in an 
elevated temperature, it is LiMn 204. Like the case where a positive active material is used, Mn dissolves in the 
electrolytic solution electrochemically, there is a problem to which service capacity falls sharply, and it has not 
resulted in utilization. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the nonaqueous electrolyte rechargeable battery which has the positive active 
material of this invention can prevent the dissolution to the electrolytic solution of the positive active material by 
hot voltage impression, capacity is maintained and it is very reliable, so that clearly from the result of the above- 
mentioned example and the example of comparison. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Even if this invention solves such a problem of the conventional 
technology, its energy density is high at high operating potential, and its cycle life is long and it carries out voltage 
impression at an elevated temperature, it aims at offering the nonaqueous electrolyte rechargeable battery which has 
the positive active material and this positive active material for obtaining a nonaqueous electrolyte rechargeable 
battery without the fall of service capacity. 
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MEANS 



[Means for Solving the Problem] this invention is general formula Lix MlyM2zMn2-y-z 04. The oxide expressed 
however, one or more sorts of elements chosen from the group which M2 becomes from Cr, Co, nickel, and Fe — 
Ml — M2 It is one or more sorts of elements which may serve as a divalent metallic ion by elements other than Mn 
except and, and it is 0< x<=l .5, 0<=y<=0.5, and 0<=z<=0.5, and y and z are not 0 simultaneously, it is — and the 
positive active material for nonaqueous electrolyte rechargeable batteries to which an oxygen density is calcinated 
in 50% or more of oxidizing quality gas, and is characterized by the bird clapper is offered 

[0006] At this invention, it is general formula Lix MlyM2zMn2-y-z 04. It sets and is Ml. The element expressed is 
M2. It is the element which may serve as a metal ion divalent by elements other than Mn except and, for example, 
Mg, Zn, etc. are desirable. It is Ml to a lithium manganese multiple oxide. When the element expressed dissolves, 
the fall of the service capacity by the repeat of a charge-and-discharge cycle decreases extremely, and a cycle 
property improves. 

[0007] Ml The value of y showing the content of an element expressed is LiMn 204, when 0.5 is exceeded, 
although it is 0<=y<=0.5. It becomes impossible to maintain Spinel structure and service capacity falls extremely. It 
is 0.01<=y<=0.3 more preferably. 

[0008] Moreover, M2 The element expressed is M2 although it is one or more sorts chosen from the group which 
consists of Cr, Co, Fe, and nickel. When the element expressed dissolves to a lithium manganese multiple oxide, the 
integrated state of Mn is stable and the dissolution to the electrolytic solution of Mn at the time of the voltage 
impression in an elevated temperature can be prevented effectively. M2 Although the value of z showing the 
content of an element expressed is 0<=z<=0.5, if 0.5 is exceeded, service capacity will fall extremely. It is 
0.1<=z<=0.3 more preferably. 

[0009] It is in charge of manufacturing the positive active material of this invention, and is general formula Lix 
MlyM2zMn2-y-z 04 as a starting material. The oxide of the metallic element to constitute, a hydroxide, a 
carbonate, a nitrate, organic acid chloride, etc. can be used. 

[0010] An oxygen density calcinates the positive active material of this invention in 50% or more of oxidizing 
quality gas, and it is obtained. 70% or more of an oxygen density is more desirable, and is still more desirable. 
[ 90% or more of ] If it calcinates at 50% or more, even if it will carry out voltage impression at an elevated 
temperature, there are very few falls of service capacity. This reason is general formula Lix MlyM2zMn2-y-z 04, 
when an oxygen density calcinates in a high atmosphere, although it is not clear. Ml which can be set And M2 
Even if combination with an element, and Mn and oxygen which are expressed becomes firm and carries out 
voltage impression at an elevated temperature, it thinks because it can suppress that Mn dissolves in the electrolytic 
solution. 

[001 1] Moreover, as a burning temperature, 600-1000 degrees C is desirable, and it is desirable to consider as 700- 
900 degrees C especially. A crystal growth is inadequate in it being less than 600 degrees C, and charge-and- 
discharge capacity becomes small. If it exceeds 1000 degrees C, a crystal will grow too much and a cycle property 
will deteriorate. 

[0012] 10 - 50 hours of a firing time are desirable, and it is desirable to consider as 15 - 45 hours especially. A 
crystal growth is inadequate in it being less than 10 hours, and charge-and-discharge capacity becomes small. If it 
exceeds 50 hours, a crystal will grow too much a little, and there is an inclination for a cycle property to deteriorate. 

[0013] Moreover, in order to attain equalization at the time of composition, it is desirable to adopt the process 
which once takes out from a firing furnace after suitable firing-time progress, carries out pulverization mixture of 
the baking object, and is calcinated again. And cooling slowly suitably after a baking end is desirable. 



[Translation done.] 

http ://www4 . ipdl jpo . go jp/cgi-bin/tran_web_cgi_ej j e 



6/23/2003 



* NOTICES * 



Page 1 of 2 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Although an example (Examples 1 -4) and the example of comparison (Examples 5 and 6) explain this 
invention concretely below, this invention is not limited to these. 

[001 5] [Example 1] Li2 C03, MnC03, and Fe 203 And ZnO was mixed with the ball mill so that it might be set to 
20:60:50: 1 by the mole ratio, and it took out after 2-hour baking at 800 degrees C in 70% atmosphere of 30% of 
nitrogen of oxygen. After grinding this baking object, in the again same atmosphere, it calcinated for 20 hours, and 
****(ed) to the room temperature over 24 hours after that by 800 degrees C, and the mortar ground the baking 
object, the result which analyzed this by the element extinction method — Li0.97Fe0.25Zn0.25Mn 1.504 it was . 
[0016] Added KETCHIEN black as electric conduction material, added the polyvinylidene-fluoride resin 5 weight 
section to this trituration object 85 weight section as 10 weight sections and a binder, and it was made to dissolve in 
N-methyl pyrrolidone, and considered as the slurry. This slurry was uniformly applied to the aluminum foil with a 
thickness of 30 micrometers, and the paint film was formed, it rolled out after making it dry at 180 degrees C until 
the thickness of a paint film was set to 100 micrometers with the roller-press machine, and it cut in the after that 
20mmx20mm size, and considered as the positive electrode. 

[0017] Subsequently, the metal lithium foil with a thickness of 0.6mm was cut in the 25mmx25mm size, what stuck 
the nickel lead to the edge by pressure was created, and it considered as the negative electrode. The negative 
electrode and the positive electrode were made to counter so that each application side may face each other, the 
charge-and-discharge power supply was connected to the negative-electrode terminal 4 and the positive-electrode 
terminal 5 in the container with which the micro porous film with a thickness of 25 micrometers made from 
polypropylene is made to intervene as separator in between, and sufficient electrolytic solution exists in it, and the 
voltage impression examination was performed in 60-degree C argon atmosphere. As the electrolytic solution, it is 
LiPF6. The solution which dissolved in the mixed solvent (it is 1:1 at a volume ratio) of an ethylene carbonate and a 
propylene carbonate by the concentration of 1 mol/1. was used. 

[0018] For charge voltage, as conditions for a voltage impression examination, discharge voltage is 1 mA/cm2 at a 
constant current to 3.0V to 4.3V. Charge and discharge were performed with current density, and early service 
capacity was measured. Again, 4.3 V are charged and it continued impressing for one month continuously by 
voltage 4.3V as it is. Then, it was 95%, when it discharged to 3.0V, service capacity was measured and the 
maintenance factor of the service capacity to initial value was investigated. 

[0019] [Example 2] Instead of using the firing environments of a positive active material as 30% of 70% nitrogen of 
oxygen, except having considered as 100% of oxygen, when the sample was produced like Example 1, the voltage 
impression examination was performed like Example 1 and the maintenance factor of service capacity was 
investigated, it was 98%. 

[0020] [Example 3] composition of a positive active material ~ Li 1.0 Fe0.2 ZnO.l Mn 1.704 ** -- except having 
carried out, when the sample was produced like Example 1 , the voltage impression examination was performed like 
Example 1 and the maintenance factor of service capacity was investigated, it was 94% 

[0021] [Example 4] composition of a positive active material - Li 1.0 Co0.2 ZnO.l Mn 1.704 ** - except having 
carried out, when the sample was produced like Example 1 , the voltage impression examination was performed like 
Example 1 and the maintenance factor of service capacity was investigated, it was 94% 

[0022] [Example 5] Instead of using the firing environments of a positive active material as 30% of 70% nitrogen of 
oxygen, except having considered as air, when the sample was produced like Example 1 , the voltage impression 
examination was performed like Example 1 and the maintenance factor of service capacity was investigated, it was 
50%. 

[0023] [Example 6] composition of a positive active material ~ Li 1.0 Mn 2.0O4 ** — except having carried out, 
when the sample was produced like Example 1, the voltage impression examination was performed like Example 1 
and the maintenance factor of service capacity was investigated, it was 3% 

[0024] The black sediment on the negative-electrode lithiunrof the cell of Example 5 and Example 6 was seen after 
the voltage impression test test end, and it was remarkable especially when it was Example 6. As a result of 
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investigating this sediment by X-ray fluorescence, it became clear that it is Mn compound. This is considered that 
Mn ion which dissolved from the positive active material during voltage impression deposited on the negative- 
electrode lithium. In addition, most sediments of Mn were not seen in Examples 1-4. 
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